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Carbon materials are commonly used as the
negative dedrode in lithium-ion cdls. Among the various
carbon materials, natural graphite shows the most promise
becaise it has a high cgpadty (372 Ah/kg), low redox
potential, relatively flat potentia profile, and low cost.
However, the use of natural graphite is limited by its
sengitivity to certain eledrolytes. For example, graphite
eledrodes are not compatible with propylene cabonate
(PC)—based eledrolytes, which have alower melting point
and better safety charaderistics. The problem is that
solvent moleaules of the dedrolyte w-intercaate with Li*
into the graphite, frequently leading to the exfoliation of
the graphite matrix.

In this effort, surfacemodified natural graphite
[1,2] was obtained from Mitsui Mining Co. Ltd., the
surfacehad been modified by a thermal vapor deposition
(TVD) technique. The performance of the TVD-coated
graphite in PC-based eledrolytes was evaluated under the
high-power test conditions that were developed under the
Partnership for a New Generation Vehicles (PNGV)
program.

To visualize anorphous carbon at the surface of
natural graphite, individual graphite particles were
embedded in resin and sedioned by a Reichert-dung
Microtome to yield ~50-nm thick samples for examination
by transmisson eledron microscopy (TEM). High
resolution TEM was caried out with a JEOL 400(EX
microscope operating at 400 kV. A representative TEM
image from a aoss ®dion of the cabon-coated graphite
particleis srown in Fig. 1. The cabon coating displayed a
disordered crystal structure; eledron diffradion patterns
obtained from the oating contained rings, which
confirmed the amorphous nature of the cating. In
contrast, the bulk side of the particle had a layered
structure; diffradion patterns taken from the bulk had
spats that were typicd of the graphite aystal structure.

The dcharge airrves of 3.8 and 7.6 wt% carbon-
coated graphite ae shown in Fig. 2. In the 3.8 wt%
carbon-coated sample, the ealy part of the first charge
curve displays a wavy nature with two plateaus observed
nea 0.8 V, which indicéae typicd exfoliation behavior in
the PC-based eledrolyte. In the thicker coated sample (7.6
wt%), however, there is no exfoliation during the initial
charging of the cdl, even when using a high concentration
(70wt%) of PC in the dedrolyte.

Similar results were observed with 13 and 17.6
wt% carbon-coated samples. All charge aurves displayed
plateaus below 0.2 V that caen be dtributed to lithium
intercdation into the graphite matrix.

The hybrid pulse power charaderization (HPFC)
test was performed on cdls with graphite anodes and PC-
based eledrolytes in acwmrdance with the procedure
described in the PNGV test manual [3]. Figure 3 shows a
typicd HPRC test result. This cdl had LiNipgCoy,0, as
the positive adive material and carbon-coated natural
graphite & the negative adive material. Both paositive and
negative dedrodes were engineged with the dam of
reducing cdl resistance ad increasing power.

The cdl was initially charged at the 1C rate,
followed by a sequence of 18-s high-rate discharge pulses
(10C rate) and 10s regenerative darging pulses (2-s
pulse & 8C rate, and 8s charge pulse & lower rate). This

segquencewas repeded every 10% depth of discharge [3].

Figuwe 3 shows the aea spedfic impedance
(ASI) for the HPRC 18-s discharge and 2-s charge pulses
as a function of depth of discharge(DOD). The ASls for
both charge and discharge ae very low over a wide range
of DOD. These values are lower than the ASIs, needed to
mee the PNGV performance goal, which is 35 chm-cm?
for 18-s discharge and 25 dim-cm? for 2-s charge pulses.
The cdl pulse-power cgoability for both charge and
discharge was thus found to meda the PNGV power
requirement, espedaly in the “swed spot* of 30-70%
DOD.

The aove results indicae that cdls containing
the surfacemodified natural graphite will mee the power
requirement set by the PNGV for the hybrid vehicle
applicaion. This anode material will allow for the use of
a high performance and stable PC-based eledrolyte that
could improve the safety, cdendar life, and the @st of the
lithium ion battery.
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Fig. 1. TEM of cross ®dion of carbon-coated graphite
particle.
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Fig. 2. Charge airves of 3.8 and 7.6 wt% carbon-coated
graphite dedrode. Eledrolyte is 1M LiPFg/ 70 wt%
propylene cabonate and 30wt% ethylene cabonate.
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Fig. 3 ASI vs. DOD for cdl using 13 wt% carbon-coated
graphite. Eledrolyteis 1.2M LiPFs/EC/PC /MEC/ DEC
(20:50:20:10).



